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WSDOT FOP for AASHTO T 1661

Bulk Specific Gravity of Compacted Hot Mix Asphalt Using Saturated  
Surface-Dry Specimens

1. Scope

1.1 This method of test covers the determination of bulk specific gravity of specimens of 
compacted hot mix asphalt.

1.2 Definition:

1.3 Bulk specific gravity (of solids)—the ratio of the mass in air of a unit volume of a 
permeable material (including both permeable and impermeable voids normal to the 
material) at a stated temperature to the weight in air of equal density of an equal volume 
of gas-free distilled water at a stated temperature. The form of the expression shall be:

Bulk specific gravity x/y °C

where: 
x = temperature of the material, and  
y = temperature of the water

1.4 The bulk specific gravity of the compacted hot mix asphalt may be used in calculating 
the unit mass of the mixture.

1.5 The values stated in English units are to be regarded as the standard.

Note: Method A shall be used for laboratory compacted specimens, and field 
specimens compacted using gyratory compactor.

Method C shall be used for asphalt pavement cores.

2. Referenced Documents

2.1 AASHTO Standards:
• M 231, Weighing Devices Used in the Testing of Materials
• T 275, Bulk Specific Gravity of Compacted Bituminous Mixtures Using Paraffin-

Coated Specimens

3. Test Specimens

3.1 Test specimens may be either laboratory-molded HMA mixtures or from HMA 
pavements. The mixtures may be surface, wearing, leveling or base course materials.

3.2 Size of Specimens — It is recommended that: (1) the diameter of cylindrically molded 
or cored specimens, or the length of the sides of sawed specimens, be at least equal to 
four times the maximum size of the aggregate; and (2) the thickness of specimens be at 
least one-and-one-half times the maximum size of the aggregate.

3.3 Specimens shall be taken from pavements with core drill, diamond or carborundum 
saw, or by other suitable means.

1 This Test Method is based on AASHTO T 166-10.
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3.4 Care shall be taken to avoid distortion, bending, or cracking of specimens during and 
after the removal from pavement or mold. Specimens shall be stored in a safe, cool 
place.

3.5 Specimens shall be free from foreign materials such as seal coat, tack coat, foundation 
material, soil, paper, or foil.

3.6 If desired, specimens may be separated from other pavement layers by sawing or 
other suitable means. Care should be exercised to ensure sawing does not damage the 
specimens.

METHOD A

4. Apparatus

4.1 Weighing Device — The weighing device shall have sufficient capacity, be readable 
to 0.1 percent of the specimen mass, or better, and conform to the requirements of 
AASHTO M 231. The weighing device shall be equipped with suitable suspension 
apparatus and holder to permit weighing the specimen while suspended from the center 
of scale pan of the weighing device.

4.2 Suspension Apparatus — The wire suspending the container shall be the smallest 
practical size to minimize any possible effects of a variable immersed length. The 
suspension apparatus shall be constructed to enable the container to be immersed to a 
depth sufficient to cover it and the specimen during weighing. Care should be exercised 
to ensure no trapped air bubbles exist under the specimen.

4.3 Water Bath — for immersing the specimen in water while suspended under the 
weighing device, equipped with an overflow outlet for maintaining a constant 
water level.

4.4 Thermometric Device- liquid-in-glass thermometers or other suitable thermometric 
device, accurate to 1ºF (0.5º C).

5. Procedure

5.1 Dry the specimen to a constant mass (Note 1). Cool the specimen to room temperature 
for a minimum of 15 hours and a maximum of 24 hours at 77 ± 9°F (25 ± 5°C) per 
SOP 731 and record the dry mass as A. Immerse each specimen in water at 77 ± 1.8°F 
(25 ± 1°C) for 4 ± 1 minute and record the immersed mass as C. Remove the specimen 
from the water, damp dry the specimen by blotting with a damp towel as quickly as 
possible (blotting not to exceed 10s), and determine the surface-dry mass as, B. Any 
water that seeps from the specimen during the weighing operation is considered part 
of the saturated specimen (Note 1). Each specimen shall be immersed and weighed 
individually.

Note 1: Constant mass shall be defined as the mass at which further drying at 
125 ± 5°F (52 ± 3°C) does not alter the mass by more than 0.05 percent. Specimen 
saturated with water shall initially be dried overnight at 125 ± 5°F (52 ± 3°C) and then 
weighed at 2-hour drying intervals. Recently molded laboratory specimens which have 
not been exposed to moisture do not require drying.

Note 2: If desired, the sequence of testing operations may be changed to expedite the 
test results. For example, first the immersed mass (C) can be taken, then the surface-dry 
mass (B), and finally the dry mass (A).
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Note 3: Terry cloth has been found to work well for an absorbent cloth. Damp is 
considered to be when no water can be wrung from towel.

6. Transportation Of Warm Specimens

It is not recommended that specimens be transported before they have cooled to room 
temperature. If however, a specimen must be transported prior to reaching room temperature 
the following guidelines should be used to transport the specimen; 

a. Place the specimen in a container that has a flat bottom surface to prevent deformation 
of the bottom of the specimen.

Note: A flat piece of wood, rigid aluminum or reinforced cardboard may be used to 
create a flat surface in an HMA sample box.

b. Make sure the specimen is not deformed in handling.

c. Do not stack anything on top of the specimen container.

d. Transport the container in the cab of the vehicle or secure it in the vehicle bed to 
prevent movement during transit.

6. Calculation

6.1 Calculate the bulk specific gravity of the specimens as follows (round and report the 
value to the nearest three decimal places):

T 166

6. Calculation

6.1 Calculate the bulk specific gravity

 

 

6.2 Calculate the percent water absorbed
 

 

Where:
A = Mass in grams of specimen in air
B = Mass in grams of surface-dry specimen in air
C = Mass in grams of specimen in water.

6.2 Calculate the percent water absorbed by the specimen (on volume basis) as follows:

T 166

6. Calculation

6.1 Calculate the bulk specific gravity

 

 

6.2 Calculate the percent water absorbed
 

 

6.3 If the percent water absorbed by the specimen in Section 5.1 exceeds 2 percent, use 
T 275 (Bulk Specific Gravity of Compacted Bituminous Mixtures Using Paraffin-
Coated Specimens) to determine the bulk specific gravity.

METHOD B
WSDOT does not use Method B and has removed this section from the procedure.

METHOD C (RAPID TEST)
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10. Procedure

10.1 This procedure can be used for testing specimens which are not required to be saved 
and which contain substantial amount of moisture. Specimens obtained by coring or 
sawing can be tested the same day by this method.

10.2 The testing procedure shall be the same as given in Sections 5 except for the sequence 
of operations. The dry mass (A) of the specimen is determined last as follows.

Note 4: A microwave oven can be used to speed up the process by initially heating 
the sample so that it can be broken into small pieces prior to placing it into the drying 
oven.

10.3 Place the specimen in a large flat bottom drying pan of known mass. Place the pan and 
specimen in a 325 ± 25º F (164 ± 14ºC) oven. Leave the specimen in the oven until it 
can be easily separated to the point where the particles of the fine aggregate-asphalt 
portion are not larger than ¼ in (6.4 mm). Place the separated specimen in the 325º F 
(164ºC) oven and dry to a constant mass. The test sample shall be initially dried for a 
minimum of 90 minutes, and it's mass determined. Then, at 30 minute intervals until 
constant mass is achieved.

Note: If samples are placed in the oven overnight for a minimum of 6 hours at 230°F, 
then the 90 minute weighting is not necessary.

10.4 Cool the pan and specimen to room temperature at 77 ± 9°F (25 ± 5°C). Determine the 
mass of the pan and specimen, subtract the mass of the pan and record the dry mass of 
the pan and record the dry mass, A.

11. Calculations

11.1 Calculate the bulk specific gravity per Sections 6.1.

12. Report

12.1 The report shall include the following:

12.1.1 Bulk Specific Gravity reported to the nearest thousandth. (0.001)

12.1.2 Absorption reported to the nearest hundredth. (0.01)

13. Precision

13.1 See AASHTO T 166 for precision statement.



WSDOT Materials Manual M 46-01.07 Page 5 of 6 
January 2011

Performance Exam Checklist
WSDOT FOP for AASHTO T 166  
Bulk Specific Gravity of Compacted Hot Mix Asphalt Using Saturated  
Surface Dry Specimens

Participant Name   Exam Date 

Procedure Element Yes No
1. The tester has a copy of the current procedure on hand?  
2. All equipment is functioning according to the test procedure, and if required, has 

the current calibration/verification tags present?
 

Method A (For use with laboratory compacted specimens.)
1. Compacted specimen cooled to room temperature (refer to WSDOT SOP 731, 

Procedure #5g), 77 ± 9º F, and record the dry mass. 
 

2. Immerse each specimen in water at 77 ± 1.8°F for 3 to 5 minutes and record the 
immersed mass to the nearest 0.1 gram?

 

3. Remove sample from water, surface dry with damp towel and weigh the 
specimen in air at 77 ± 9º F to the nearest 0.1 gram?

 

4. Calculated the bulk specific gravity of the specimens per Section 6.1?  

Method C (For use with pavement cores and chunks.)
1. Immerse specimen in water at 77 ± 1.8º F for 3 to 5 minutes and record the 

immersed weight to the nearest 0.1 gram?
 

2. Remove sample from water, surface dry by blotting with damp towel and 
immediately weigh specimen in air at 77 ± 9º F to the nearest 0.1 gram?

 

3. Place specimen in container (noting the empty container weight), then into an 
oven set at 325 ± 25º F until sample can be broken into small pieces?

 

4. Return container to oven until it has reached a constant weight?  
5. Remove container and sample from oven and allow to cool to room temperature, 

77 ± 9º F?
 

6. Weigh pan with sample and record to nearest 0.1 gram, deducting known weight 
of pan to arrive at oven-dried sample weight?

 

7. Calculated the bulk specific gravity of the specimen per Section 6.1?  

First attempt: Pass  Fail  Second attempt: Pass  Fail 

Signature of Examiner 



Page 6 of 6 WSDOT Materials Manual M 46-01.07
January 2011

T 166 Bulk Specific Gravity of Compacted Hot Mix Asphalt Using Saturated Surface‑Dry Specimens

Comments:
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SAMPLING OF HOT MIX ASPHALT PAVING MIXTURES  
FOP FOR WAQTC T 168

Significance
Testing bituminous paving mixtures in the field begins with obtaining and preparing the 
sample to be tested. Standardized procedures for obtaining a representative sample have been 
established. Producing strong, durable, reliable pavement in roadways requires careful sampling 
and accurate testing.

Technicians must be patient and follow these procedures. If one considers that the specifications 
require quality tests to be made on only a small portion of the total material placed, the need for a 
truly representative sample is apparent. For this reason, every precaution must be taken to obtain 
a sample that is truly representative of the entire batch and then to protect that sample from 
contamination and physical damage.

Scope
This procedure covers the sampling of bituminous paving mixtures from HMA plants, haul units, 
and roadways in accordance with AASHTO T 168. Sampling is as important as testing, and every 
precaution must be taken to obtain a truly representative sample.

Apparatus
• Shovel
• Sample containers: such as cardboard boxes, metal cans, stainless steel bowls, or other 

agency-approved containers
• Mechanical Sampling Device

Sample Size
Sample size depends on the test methods specified by the agency for acceptance.

WSDOT requires a minimum of four times the amount required for testing. This should be 
approximately 125 lbs.

Sampling
• General

1. The material shall be inspected to determine variations. The supplier/contractor shall 
provide one of the following:

a. A mechanical sampling device attached to the HMA plant.

b. Platforms or devices to enable sampling from the hauling vehicle without 
entering the hauling vehicle for sampling HMA.

1 This FOP is based on WAQTC T 168 and has been modified per WSDOT standards. To view the redline modifications, 
contact WSDOT Quality Systems Manager at (360)709-5412.
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2. Place dense graded mixture samples in cardboard boxes or stainless steel bowls or 
other agency approved containers. Place open graded mixture samples in stainless 
steel bowls. Do not put open graded mixture samples in boxes until they have cooled 
to the point that bituminous material will not migrate from the aggregate.

Note 2: Care shall be taken to prevent contamination of bituminous mixes by dust 
or other foreign matter, and to avoid segregation of aggregate and bituminous 
materials.

• Attached Sampling Devices
 Some agencies require mechanical sampling devices for hot mix asphalt (HMA) 

and cold feed aggregate on some projects. These are normally permanently 
attached devices that allow a sample container to pass perpendicularly through 
the entire stream of material or divert the entire stream of material into the 
container.  Operation may be hydraulic, pneumatic, or manual and allows the 
sample container to pass through the stream twice, once in each direction, 
without overfilling.  Special caution is necessary with manually operated 
systems since a consistent speed is difficult to maintain and non-representative 
samples may result. Check agency requirements for the specifics of required 
sampling systems.

• Sampling from Truck Transports Haul Units
1. Obtain samples in four approximately equal increments from haul units.

2. Obtain each increment from approximately 12 in. (300 mm) below the 
surface, in each of the four quadrants of the load.

3. Combine the increments to form a sample of the required size.
• Sampling from Roadway Prior to Compaction (Plate Method)
WSDOT has deleted this section.

3. Temperature of Mix

Using a verified thermometric device, check and record temperature immediately 
upon obtaining sample.

Identification and Shipping
1. Identify sample containers as required by the agency.

2. Ship samples in containers that will prevent loss, contamination, or damage.

3.  Refer to the sample identification requirements in FOP for WSDOT Test Method 712.
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Performance Exam Checklist
WSDOT FOP FOR WAQTC/AASHTO T 168 
SAMPLING OF HOT MIX ASPHALT PAVING MIXTURES

Participant Name   Exam Date 

Procedure Element Yes No
1. The tester has a copy of the current procedure on hand?  
2. Containers of correct type and ample size available?  
3. Samples from truck transports taken from four quadrants at approximately 

depth 12 inches?
 

4. Temperature of mix checked?  
5. Sample size meets agency requirements?  
6. Sample identified as required?  

First attempt: Pass  Fail  Second attempt: Pass  Fail 

Signature of Examiner 

Comments:
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